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, Christophe MIGON (1, 2) , Aurélie DUFOUR (1, 2) , Fabrizio D'ORTENZIO (1, 2) , Fayçal KESSOURI (4) , Patrick RAIMBAULT (5) , Nicole GARCIA (5) , and Véronique LAGADEC (5) 1 Atmospheric material has a characteristic N to P ratio. A preponderance of N relative to P in the atmospheric material is universally observed, with a factor sometimes >1000 in the north Atlantic In 2010, the MOOSE (Mediterranean Ocean Observing System for the Environment) network was set up to assess the spatial and temporal distribution of atmospheric inputs of nutrients over the French front of the northwestern Mediterranean basin, in relation to their fate and involvement in marine biogeochemical cycles. The present study was conducted within the MOOSE framework, and focuses on the Cap Ferrat Ligurian time-series station, with the double aim 1) to quantify the magnitude and temporal variability of partitioned atmospheric nutrient inputs, and 2) to evaluate the impact of such depositional fluxes on the overall nutrient budgets and stoichiometry of the northwestern Mediterranean. ). In both wet and dry depositions, nitrite concentrations were not systematically measured individually. When nitrite was not measured, it occurred with nitrate, and when it was measured, its concentrations were always very low: they represented on average 0.4% of total dry deposition of soluble N, and 1.8 % in the wet deposition. It is thus assumed that the sum [nitrate + ammonium] globally accounts for the total input of DIN, and, in the following, nitrite will not be mentioned. The insoluble fraction of atmospheric nutrients was not analysed. Part of the insoluble fraction of dry deposition (as well as part of the particulate fraction of wet deposition) may dissolve in seawater, notably owing to zooplankton grazing and subsequent particle fractionation (Moore et al. 1984 ) and, thus, may release bio-available nitrate, ammonium and phosphate ions. However, without any additional data on this specific contribution, the solubility of the refractory remaining particulate fraction is arbitrarily presumed negligible and is not taken into account.
Despite their significant contribution to the pool of dissolved N and P ( 
Modelling of the mixed layer depth
The model used is a 3D free surface, generalised sigma vertical coordinate, described by respectively, and of 33.9 and 22.6% ammonia in wet and dry depositions, respectively. Regarding wet deposition, the ratios are relatively close to findings from a previous study carried out at the same site (~ 40%; Migon et al. 1989 ). However, it should be noted that the nitrate-to-ammonium 6 ratio exhibits very strong variability at the individual scale: the contribution of NO 3 to total DIN varies from 15.2 to 99.9% in wet deposition, and from 0 to 99.5% in dry deposition. (Fig. 4a) , or, at least, the inter-annual variability masks the seasonal pattern. Similarly, a high variability is also observed in the dry deposition of DIP (Fig. 3a) .
Maximum events of DIP dry deposition were observed in May and October 2010, January 2011 and The strong inter-annual variability previously shown ( Fig. 2 and 3) suggests that DIN and DIP deposition is driven by a few events of large magnitude. These extreme events were characterised according to the criteria of Hampel et al. (2011) , as the values that exceed: Table 2 ). Thus, we estimated the convective inputs of nutrients by considering the impact of each MLD deepening event (defined as the time interval during which the MLD is always deeper than the photic layer) on climatological profiles, assuming homogeneous concentrations within the mixed layer (Equation 1). Time-series of are shown in Fig. 6 . The nitrate supply to the photic layer was estimated as 3.2, (Table 1 ). and diffusion contribute little to the nutrient supply, compared to atmospheric input. Winter mixing is clearly the main source of new nutrients to the photic layer: it represents 65 to more than 97% of the annual DIN supply, and 87.5 to 99.2% for the annual DIP supply over the 3 years considered (Table 3 ). Interannual variability is considerable. Atmospheric inputs of DIN accounted for less than 3% in 2010 and 2011, but contributed almost 24% in 2013, owing to low convective input ( Fig. 6 and Table 1 ) and high atmospheric fluxes. The contribution of the atmosphere to the total DIP input is lower, 0.6 and 0.8% in 2010 and 2011, respectively, and 9.2% in 2013. Nevertheless, atmospheric input is a continuous source of new nutrients (Fig. 4) , whereas the input from mixing occurs almost always in winter, when MLD is deep enough to reach the deep nutrient reservoir.
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This occurs between November and March in the MLD time-series (Fig. 6 ), otherwise the MLD is shallow, and the depleted surface layer isolated from subjacent layers. In period of stratification considering wet and dry deposition) and new P (~2 µmol P m -2 d -1 ). Compared to diffusion flux (Moutin and Raimbault 2002) , and diazotrophy from April to October (Sandroni et al. 2007 ), the atmospheric contribution to total DIN and DIP inputs accounts, on average, for slightly more than 60% and 70%, respectively.
3.3 Potential impact on N:P marine stock and biological productivity
Taking into account the diversity and intensity of emission sources along the Mediterranean shores (natural Saharan dust vs many anthropogenic sources), it is expected that the variability of nutrient atmospheric deposition is high, and, therefore, the atmospheric N:P ratio is highly variable as well.
At Cap Ferrat, the total annual N deposition is, on average, 335 times higher than that of P in the wet fraction, and 34 times in the dry fraction (Table 1) . It ranges from 16 to 9000 in rainwater, with a median value of 400, and from 3 to more than 2000 in the dry material, with a median value of 32. isolates it from the Rhône river plume and from lateral inputs (Niewadomska et al. 2008 ) and, on the other hand, riverine inputs are particularly poor in this region (Migon 1993) .
One can also note that the average convective nutrient input exhibits a N:P molar ratio 24.2 (Table   1) , which is much more than the usual Redfield value (N:P = 16). On the one hand, it is not surprising since the convective nutrient ratio is expected to reflect the nutrient ratio at depth, which is clearly non-Redfield in this area. Thus, in the present data set, when the modelled MLD is deeper than ~ 200m, convective nutrient inputs exhibit N:P ratios around 21-22, close to the value at depth Atmospheric deposition and convection, together with diazotrophy, lead to high N:P ratio in the surface layer (see Table 1 ), and suggest that fluxes of nutrients entering sea surface are always N- 
